Differentiation of mammary epithelial stem cells to alveolar-like cells in culture: cellular pathways and kinetics of the conversion process.
The cuboidal epithelial stem cell line Rat Mammary (Rama) 25 can differentiate in culture to droplet, alveolar-like cells that form domes, secrete small amounts of casein, and bind peanut lectin after treatment with neuraminidase. Differentiation to droplet cells is accelerated by dimethyl sulfoxide (DMSO). Morphologically intermediate states (gray and dark) which occur in the order: cuboidal----gray----dark----dark droplet----doming cells have been identified along this pathway by time-lapse cinematography. The dark and dark droplet states are associated with increased peanut lectin binding capacity whereas casein is secreted mainly by cells in domes. Cells in cultures containing low concentrations of DMSO (less than 56 mM) acquire droplets predominantly in the dark state, whereas with higher concentrations of DMSO droplet formation is seen mainly in the gray state. Kinetic analysis both from time-lapse films and conventional microscopy, shows that increasing the concentration of DMSO prolongs the time spent in the gray state, decreases the time of initial appearance of droplet cells, and increases their subsequent rate of formation, without detectable effects on the rates of the remaining morphological transitions. DMSO also reduces the average rate of DNA synthesis and increases the average cell cycle time, particularly in the second (and subsequent) cell cycles after its addition. However, neither droplet nor doming cells are terminally differentiated. Thus a linear sequence of morphological states exists between the Rama 25 stem cells and the alveolar-like or more probably alveolar bud cells in vitro, and DMSO accelerates the overall conversion predominantly by truncating one of the steps in this pathway.